Macroscopic purulence, leukocyte counts, and bacterial morphotypes in Gram-stained smears were investigated in 335 sinus secretions (240 aspirates and 95 injection aspirates) obtained by puncture in 234 young patients with acute maxillary sinusitis. Over 90% of the 147 aspirates macroscopically classified as purulent also contained high numbers of leukocytes (>20 per oil immersion field). A total of 82% of the 147 macroscopically purulent aspirates and 79% of the 156 aspirates containing high numbers of leukocytes yielded presumed sinus pathogens by culture in quantities of > 103 CFU/ml. Streptococcus pneumoniae or Streptococcus pyogenes was associated relatively more often (92 or 87%, respectively) with high numbers of leukocytes than Haemophilus influenzae, which was not infrequently (29%) recovered from the less purulent aspirates. When a bacterial morphotype was seen in the Gram-stained smear, a corresponding sinus pathogen was isolated in quantities of >103 CFU/ml in 92% of aspirates. Other bacterial species (most often staphylococci) were usually isolated in low numbers and were almost never seen in the smear, suggesting nasal contamination. The 95 injection aspirates behaved, to a large extent, like diluted aspirates, with the exception that there was a higher frequency of probable nasal contamination. Macroscopic purulence, high leukocyte counts, and bacterial morphotypes seen in Gram-stained smears each predicted well the isolation of a presumed sinus pathogen and in some cases supported the significance of an otherwise doubtful culture finding. However, the macroscopic appearance of the secretion should not be used to screen samples for culture, because in several cases H. influenzae grew from nonpurulent samples as well.
Macroscopic purulence, leukocyte counts, and bacterial morphotypes in Gram-stained smears were investigated in 335 sinus secretions (240 aspirates and 95 injection aspirates) obtained by puncture in 234 young patients with acute maxillary sinusitis. Over 90% of the 147 aspirates macroscopically classified as purulent also contained high numbers of leukocytes (>20 per oil immersion field). A total of 82% of the 147 macroscopically purulent aspirates and 79% of the 156 aspirates containing high numbers of leukocytes yielded presumed sinus pathogens by culture in quantities of > 103 CFU/ml. Streptococcus pneumoniae or Streptococcus pyogenes was associated relatively more often (92 or 87%, respectively) with high numbers of leukocytes than Haemophilus influenzae, which was not infrequently (29%) recovered from the less purulent aspirates. When a bacterial morphotype was seen in the Gram-stained smear, a corresponding sinus pathogen was isolated in quantities of >103 CFU/ml in 92% of aspirates. Other bacterial species (most often staphylococci) were usually isolated in low numbers and were almost never seen in the smear, suggesting nasal contamination. The 95 injection aspirates behaved, to a large extent, like diluted aspirates, with the exception that there was a higher frequency of probable nasal contamination. Macroscopic purulence, high leukocyte counts, and bacterial morphotypes seen in Gram-stained smears each predicted well the isolation of a presumed sinus pathogen and in some cases supported the significance of an otherwise doubtful culture finding. However, the macroscopic appearance of the secretion should not be used to screen samples for culture, because in several cases H. influenzae grew from nonpurulent samples as well.
The bacterial etiology of acute maxillary sinusitis (AMS) has been the subject of many studies during the past few years. Streptococcus pneumoniae and Haemophilus influenzae are the main etiological agents present in over half of the patients with AMS (1, 7, 10-12, 15, 19, 20, 23) . Streptococcus pyogenes and Branhamella catarrhalis have usually been isolated in less than 5% of adult patients with AMS (1, 3, 10, 11) . The reported frequencies of isolation of anaerobic bacteria have varied considerably, from 0 to 23% (2, 7, 18, 22, (25) (26) (27) , with the lowest isolation rates being in children (26, 27) . We recently conducted a study of the bacterial etiology of AMS in 238 young adults by paying special attention to the collection and processing of specimens (14) . In this homogeneous patient population, a sinus pathogen was found in the secretions of 75% of the patients. Somewhat in contrast to previous findings, H. influenzae was the most commonly isolated species; it was recovered more than twice as often as Streptococcus pneumoniae, whereas anaerobes were a significant finding in only 2% of the patients.
From clinical and laboratory standpoints, it is important to know how the macroscopic and microscopic qualities of the sinus secretions correlate with culture results. Specimens macroscopically classified as purulent have significantly more often yielded pathogenic bacteria in high quantities than the nonpurulent ones, which are often negative by culture (5) (6) (7) (8) 20) . Likewise, a good correlation has been demonstrated between high leukocyte counts (>1,000/mm3) of the secretions and infection with high titers of bacteria (6, 8, 10) . A correlation of the bacterial morphotypes seen in Gram-stained smears with culture findings has only occa-* Corresponding author. sionally been reported for isolates from patients with AMS (5, 21, 26) , although examination of Gram-stained smears is a routine procedure in clinical microbiology laboratories.
Our bacteriological survey of young adult patients with AMS (14) offered an opportunity to correlate both macroscopic and microscopic findings of sinus secretions with culture results. Specifically, we wanted to know whether recording of macroscopic purulence and examination of Gram-stained smears, both of which are easily performed in a routine microbiology laboratory, could help in predicting the bacterial etiology of AMS or in assessing the significance of culture results.
MATERIALS AND METHODS
Patients. The study group consisted of 234 consecutive patients diagnosed with AMS based on clinical and radiographic findings (14) . Of the 238 patients described in the accompanying report (14) , 4 Percentage of all aspirates.
"Percentage of ail injection aspirates.
Macroscopic purulence versus culture findings. H. influenzae and Streptococcus pneumoniae were the most commonly found organisms in the purulent aspirates (57 and 29%, respectively) ( Table 3 ). Streptococcus pyogenes, B. catarrhalis, or a mixture of anaerobes was found in 12% of the purulent aspirates. Other bacterial species were recovered in 13% of the samples, but most often they were recovered in small quantities (<103 CFU/ml) and were often recovered together with a presumed sinus pathogen. The culture of 12 (8%) purulent aspirates remained negative. On the other hand, in 82% of the purulent aspirates pathogens were present in quantities exceeding 103 CFU/ml.
H. influenzae was also recovered by culture relatively often from the nonpurulent aspirates (42%), but Streptococcus pneumoniae and Streptococcus pyogenes were recovered by culture much less often (7 and 1%, respectively; a significant difference [P < 0.01] from recovery from purulent samples). No anaerobes were isolated from the nonpurulent specimens, and other bacterial species were present in only 4% of specimens. About one-half of the nonpurulent aspirates were negative by culture, and pathogens in quantities of >10' CFU/ml were present in just less than one-third of the specimens. About one-third of the 24 bloody aspirates were negative by culture, and pathogens in quantities exceeding >103 CFU/ml were present in one-half of them.
Results for injection aspirates followed the same pattern, with the exception that the proportion (25%) of nonpurulent specimens yielding other bacterial species in culture was considerably (P < 0.01) higher than that (4%) in the aspirates. More than one-half of the specimens containing other bacterial species did not simultaneously contain presumed sinus pathogens.
When the culture results were analyzed in relation to macroscopic purulence of the secretions (Fig. 1) , it was found that a high proportion of the aspirates growing a sinus pathogen were purulent (for H. influenzae, 68%; for Streptococcus pneumoniae, 84%; for Streptococcus pyogenes, 73%; for B. catarrhalis, 75%; for anaerobes, 100%). In contrast, the majority (64%) of the culture-negative aspirates were nonpurulent. The same trend was seen among the injection aspirates, but a larger proportion of both H. influenzae and Streptococcus pneumoniae found in them originated from nonpurulent specimens. All of the injection aspirates that yielded other species of bacteria, together with the presumed sinus pathogens, were either nonpurulent or bloody.
Leukocyte counts versus culture findings. The frequencies VOL. 26, 1988 on October 28, 2017 by guest http://jcm.asm.org/ Downloaded from of culture findings from the 156 aspirates containing high When the culture results were analyzed in relation to the numbers of leukocytes very closely resembled the frequenleukocyte counts of the secretions (Fig. 2) , it was found that cies of findings from the macroscopically purulent aspirates the majority of all aspirates in which a sinus pathogen grew (Table 4) , with H. influenza and Streptococcus pneumoniae had >20 PMNs/OIF. The actual frequencies were very being found most often (Table 3) . A high proportion (64%; 14 similar to those seen in Fig. 1 for macroscopically purulent of 22) of the aspirates containing 6 to 20 PMNs/OIF (group 2) aspirates: 71% for H. influenza, 92% for Streptococcus yielded H. influenza, whereas Streptococcus pneumoniae pneumoniae, 87% for Streptococcus pyogenes, 75% for B. (5%), Streptococcus pyogenes (9%), B. catarrhalis (5%), and catarrhalis, and 100% for the anaerobes. The majority 66% anaerobes (0%) were found considerably less often (P < (33 of 53) of the culture-negative specimens contained only a 0.01). Other bacterial species were cultured from the group 2 few (1 to 5) or very few (<1) leukocytes per OIF. specimens with relatively high frequencies (27%; 6 of 22). All
Among the injection aspirates, a somewhat larger proporexcept two of these isolates were present in small quantities tion of both H. influenza and Streptococcus pneumoniae (<103 CFU/ml). The exceptions were two specimens with that were found originated from specimens containing .20 >103 CFU of Staphylococcus aureus per ml: one in pure PMNs/OIF. culture and the other together with Streptococcus faecalis.
Culture results versus bacterial morphotypes. Of the 95 A sinus pathogen was isolated from three other specimens aspirates that were positive for H. influenza in quantities of along with other presumed nonpathogens. H. influenza was >103 CFU/ml, the corresponding morphotype (gram-negstill a common isolate (45%) in the aspirates containing 1 to ative rods) was seen in the smear of 85 aspirates (89%), while 5 PMNs/OIF (group 3). Of the other sinus pathogens, only 10 aspirates (11%) were negative (Table 5 ). More than 90% Streptococcus pneumoniae was isolated in 5% (1 of 20) of of the aspirates with positive smears contained >20 PMNs/ the group 3 specimens. One-half of the specimens remained OIF. In 77 aspirates, gram-negative rods were the only negative after culture, and altogether 35% of the specimens morphotype, whereas in 8 aspirates another morphotype were positive for sinus pathogens in quantities exceeding 103 was also present. This was a gram-positive diplococcus in CFU/ml. A similar distribution pattern of culture findings six smears and a gram-positive coccus in chains in one was also encountered in aspirates containing <1 PMN/OIF smear; this corresponded to the culture finding of Strepto-(group 4), but with still fewer specimens being positive for coccuts pneumoniae or Streptococcus pyogenes, respecsinus pathogens in quantities of >103 CFU/ml. tively, along with H. influenzae. In one specimen the smear
The distribution of the culture findings in the injection contained gram-negative diplococci, but a corresponding isoaspirates resembled that in the aspirates. late was not recovered; the culture grew H. influenza only. Table 5 in the accompanying report [14] ). ' Other includes staphylococci, streptococci, gram-negative rods, Propionibacterium acnes, Bacteroides asaccharolyticus, and Peptostreptococcus magnus (see Tables 3 and 5 in the accompanying report [14] ); multiple species per specimen counted as one isolate. Likewise, a morphotype concordant with the culture results was present in 90% of the 48 aspirates yielding Streptococcus pneumoniae and in 93% of the 14 aspirates yielding Streptococcus pyogenes. The few isolates of B. catarrhalis (two aspirates) and anaerobes (three aspirates with mixed bacterial species) were all detected in the smears.
Staphylococci were isolated in quantities of >10' CFU/ml from three aspirates only. In the smears of two of these, f Gram-negative rods seen in smear, but the culture remained positive just for coagulase-negative staphylococci after enrichment. 9 Gram-negative rods seen in smear; the culture was positive only for Staphylococcus aureus after enrichment. h Gram-negative rods seen in smear, but the culture remained negative. and several anaerobic species. The smear of one aspirate was negative, but the culture grew Propionibacterium acnes.
In those 59 aspirates that yielded only scanty growth (<103 CFU/ml), the smears were most often (78%) negative. However, in 13 aspirates the smear was positive and in 12 
DISCUSSION
In this study macroscopic purulence of sinus secretions from patients with AMS predicted well (-80% in each case) a high leukocyte count (>20 PMNs/OIF) in the smear and the isolation of presumed sinus pathogens in quantities of >103 CFU/ml (positive culture). In addition, however, some macroscopically nonpurulent specimens had a high leukocyte count (25% of the aspirates and 18% of the injection aspirates) and a positive culture (29 and 27%, respectively). The frequency of positive cultures was the highest (79%) in the aspirates with the highest leukocyte counts and decreased gradually to 14% in the aspirates with very few leukocytes.
H. influenza and Streptococcus pneumoniae were the most common pathogens isolated (63 and 26% of all pathogens in the aspirates, respectively). However, H. influenza was relatively more common in the nonpurulent aspirates (83% of the pathogens compared with 59% in the purulent aspirates; P < 0.01), and Streptococcus pneumoniae was more common in the aspirates with >20 PMNs/OIF (30% of the pathogens, compared with 9% in the aspirates with fewer leukocytes; P < 0.01).
The presence of bacteria in the Gram-stained smear predicted with a high accuracy (.95%) the isolation of a corresponding species, usually in quantities of >103 CFU/ ml, whereas a pathogen was found by culture in only few specimens with a negative smear (11% of the positive cultures).
From the beginning of this study it was evident that macroscopic classification of sinus secretions, as described by Carenfelt and Lundberg (5) , as just purulent and nonpurulent causes problems in certain cases. Secretions that were grossly contaminated with blood were impossible to assign to either group and were hence classified as bloody. Furthermore, scanty specimens (<0.1 ml), several saline-diluted injection aspirates, and frothy specimens were also difficult to evaluate and were often classified as nonpurulent. The distribution of the aspirates to macroscopically purulent (61%), nonpurulent (29%), and bloody (10%) categories resembled the distribution of sinus secretions from children with AMS reported by Wald et al. (26) .
A higher percentage of the injection aspirates (58%) were classified as nonpurulent. The lack of visible purulence in them may have been partially caused by dilution of the secretion with the injected saline and in some cases to failure of the saline to mobilize the secretion. The injection aspirates mostly behaved as diluted aspirates. The following discussion therefore concentrates on the results of the aspirates, with the special features of the injection aspirates summarized at the end of this report.
We used Gram-stained smears to determine the number of leukocytes in the secretions, since such smears are routinely prepared in laboratories in which pus specimens are examined. The secretions were divided into four groups based on leukocyte counts (Table 1 ). Macroscopic purulence of the aspirates predicted very well a high leukocyte count (>20 PMNs/OIF) in the smear (in 92% of the aspirates). In fact, 76% of the purulent aspirates contained >100 PMNs/OIF. It was notable, however, that some macroscopically nonpurulent (25%) and bloody (17%) aspirates also contained high numbers of leukocytes.
Macroscopically purulent secretions have been almost exclusively associated with high numbers of leukocytes, varying from 104 to 106 cells per mm3, as determined in counting chambers, while nonpurulent secretions have contained <101 to 103 cells per mm3 (6, 8) . As 104 cells per mm3 corresponds to an average of 14 PMNs/OIF (13), our results are in good agreement with those of previous studies (6, 8) .
A high proportion (approximately 80%) of the aspirates judged to be purulent either macroscopically or based on a high leukocyte count yielded presumed sinus pathogens in quantities exceeding 103 CFU/ml (positive culture). The majority of Streptococcus pneumoniae isolates came from purulent samples (84% from macroscopically purulent aspirates and 92% from samples with >20 PMNs/OIF). H. influenza was less strictly associated with purulence (68 and 71%, respectively). A total of 87% of Streptococcus pyogenes, 75% of B. catarrhalis, and 100% of the anaerobic isolates also came from samples with >20 PMNs/OIF. On the other hand, positive cultures were also obtained from 29% of the macroscopically nonpurulent and 50% of the bloody secretions. Likewise the frequencies of positive cultures decreased gradually with decreasing leukocyte counts (79, 64, 35, and 14% in leukocyte groups 1 to 4, respectively). The predominant pathogen in the less purulent aspirates was H. influenza (79% of positive cultures in leukocyte groups 2 to 4 compared with 55% of positive cultures in group 1).
In previous studies an even higher proportion (>90%) of pathogenic bacteria was found in macroscopically or microscopically purulent secretions (5-8, 10). Evans et al. (10) have demonstrated that leukocyte counts of >5,000/mm3 in 13 aspirates from patients with AMS were, without exception, associated with the isolation of bacteria (at 105 CFU/ ml), a virus (2 aspirates), or a fungus (2 aspirates). On the other hand, the 19 aspirates from patients with AMS that contained <1,000 leukocytes per mm3 were either sterile or contained <103 bacteria per ml, which were considered as probable contaminants.
In the present study, in which the number of samples studied was much larger than in those discussed above, we also found an overall correlation between culture findings and purulence. However, 10% of the aspirates with high or moderate numbers of leukocytes (groups 1 379-380, 1981 ). Interestingly, H. influenza, which was a more common finding in our material (14) , was isolated relatively often from the nonpurulent aspirates. By contrast, Streptococcus pneumoniae, the major pathogen in most other studies (5-7), was more strictly confined to the purulent secretions.
The culture-negative purulent aspirates might have contained viruses, mycoplasmas, chlamydia, or other microbes that were not cultivable by the methods we used in this study. The presence of a common sinus pathogen species was unlikely, since only once were bacteria (resembling H. influenza) seen in the Gram-stained smear of a culturenegative aspirate. Treatment with antimicrobial agents or prolonged transport of the specimens also could not account for the negative cultures, since none of our patients received therapy with antimicrobial agents within the 2 weeks before the study and the transport and processing of the specimens was exceptionally rapid (14) .
When bacteria were seen in the Gram-stained smear, a pathogen corresponding to the morphotype was isolated in quantities exceeding 103 CFU/ml in 150 of 163 (92%) aspirates. When the smear was negative, the correlation with the culture results was not as good; 18 positive cultures (10%) came from aspirates with negative smears, which was not surprising, considering the detection limit of the Gramstained smear (104 to 105 organisms per ml). On the other hand, the positive cultures classified here as those containing >103 CFU/ml, as described by Evans et al. (10) , often (84%) had >i04 CFU/ml (14) .
The relatively high percentage (89%) of positive smears corresponding to the isolation of H. influenzae was probably achieved as the result of the fact that we paid special attention to faintly staining, small, gram-negative rods. In our earlier studies, these morphotypes were easily lost in the pink background, in particular; in the presence of numerous leukocytes. In fact, a positive smear was even found in 11 of the 29 aspirates (38%), yielding only scanty growth (<103 CFU/ml) of H. influenza. Of these 11 smears, 10 also had high numbers of leukocytes, supporting the pathogenic role of H. influenza.
Published reports of studies correlating bacteria seen in Gram-stained smears with culture findings of sinus secretions are scarce or are based on a small number of samples (5, 26) . Urdal and Berdal (21) have recorded bacterial morphotypes in smears of samples from 81 patients with sinusitis. They found concordant results for H. influenza in 88% of smears, for Streptococcus pneumoniae in 91%, for Streptococcus pyogenes in 100%, and for anaerobes in 100%; these results are closely similar to those of this study.
We found staphylococci by culture in 7% of the aspirates, but usually in small numbers, suggesting that they were derived from contamination ofthe samples (14) . The absence of the corresponding morphotype in the smear (Table 5) further supports this view. However, in one sample the culture yielded >103 CFU of Staphylococcus aureus per ml in pure culture, and the smear was positive, suggesting a possible pathogenic role for Staphylococcus aureus in this case.
As we pointed out above, the injection aspirates behaved to a large extent like diluted aspirates. However, a major difference was the more frequent isolation of bacteria other than the presumed sinus pathogens (Tables 3 and 4) . They were usually isolated in small numbers (<103 CFU/ml), often together with a sinus pathogen that grew at >103 CFU/ml. We believe that they represent contamination associated with the sampling method. Even with this limitation, examination of injection aspirates should not be discouraged: 23% of all findings of a sinus pathogen came from them (14) .
